ABSTRACT Culiseta morsitans (Theobald) is a mosquito vector of eastern equine encephalitis virus. Gravid Cs. morsitans were collected from resting shelters during JuneÐSeptember of 2004 and 2005 associated with a natural breeding area known as Toad Harbor-Big Bay Wildlife Management Unit in Oswego County, New York. Specimens were held individually in water-Þlled containers to encourage egg laying. Conditions in captivity provided three site options for oviposition, as follows: on a paper Þlter above the water line, on the Þlter at the water line, or on the water surface. Oviposited eggs were counted, as were eggs found retained in abdomens of dissected females. Fecundity for 181 female Cs. morsitans was based on the total egg count for each female. There were 89 females that oviposited Ն1 egg and produced an average of 158.4 eggs Ϯ 4.9 eggs with a range of 51Ð318 eggs. Of the 89, there were 63 captive females that oviposited all their eggs, producing a mean of 160.4 Ϯ 4.9 eggs, range 81Ð254 eggs. There were 62 egg masses oviposited above the water line within a range of 2Ð 68 mm (average ϭ 24 mm), 12 egg rafts or oviposition of scattered eggs directly on the water surface, and no rafts oviposited on Þlter paper directly at the water line. Wing length was used as a measure of mosquito size. The mean wing length for 154 females was 4.37 Ϯ 0.02 mm (range, 3.8 Ð 4.9 mm).
Although widely distributed across Canada, in the United States Culiseta morsitans (Theobald) is limited for the most part to the northern tier of the states (Darsie and Ward 2005) . It exhibits a northern Aedes/ Ochlerotatus type of life history (Pratt 1959) , overwintering as eggs (Morris et al. 1976) . Presumably, eggs hatch in woodland pools formed from snow melt or spring rains. Cs. morsitans differ from the typical northern Aedes/Ochlerotatus in that eggs are oviposited in a loose raft or mass above the water line rather than singly (Wallis and Whitman 1968) . Cs. morsitans is univoltine, and peak numbers of adults are collected in mid-June (Morris et al. 1976) . Adult females are long-lived and may be collected through August and infrequently into September, although they may only complete two gonotrophic cycles during this time span (Morris 1984; J.J.H., unpublished data) . An analysis of blood meal sources for fed, wild-caught Cs. morsitans showed that 106 females (86.0%) fed on avians, two females (1.6%) fed on mammals, and 14 females (11.5%) contained blood from both avian and mammal hosts (Molaei et al. 2006 ). This mosquito is considered a secondary enzootic vector of eastern equine encephalitis (EEE) virus in the northeast. In central New York, two of three recorded human cases of EEE occurred during years with above average populations of Cs. morsitans .
Resting shelters (RS) or boxes are a passive adult mosquito collection device. Shelter size, color, and orientation to the sun inßuence the numbers and types of mosquitoes collected. Morris (1981) reported that 20 ϫ 30 ϫ 40-cm rectangular boxes painted ßat black were effective for collecting nonblooded, blood-fed, and gravid females, and males of Cs. morsitans, Culiseta melanura (Coquillett), Anopheles quadrimaculatus Say, and Anopheles punctipennis (Say). The two RS sites used in this study, a site on the edge of ToadHarbor Big Bay Swamp and a site near the Village of Central Square, have been used for mosquito surveillance and research studies in Oswego County for Ͼ30 yr (Howard et al. 2008) .
We previously reported on the fecundity of Cs. melanura , which was the impetus for our investigation of the fecundity of Cs. morsitans. The success of RS to collect these species in Oswego County has provided unique opportunities for study, including the observance of a Cs. morsitans gynandromorph (Howard et al. 2007 ), a mark-release-recapture study that revealed that Cs. melanura and Cs. morsitans typically ßy 4 km between RS sites and can ßy as far as 9 km (Howard et al. 1989) , and the identiÞcations of hosts used by naturally blood-fed specimens of both Culiseta species by DNA sequencing (Molaei et al. 2006) . A retrospective analysis of the impact of the aerial application of an organophosphate insecticide, naled, had on mosquito species suggested that populations of Cs. morsitans declined when applications occurred during consecutive years (Howard and Oliver 1997) . Little is known of the reproduction of Cs. morsitans and, although Wallis and Whitman (1968) reported the fecundity of this species, only nine gravid females were studied. We sought to collect wildcaught, naturally gravid Cs. morsitans during two consecutive seasons to determine their fecundity and contribute to the understanding of this vector of EEE virus.
Materials and Methods
Study Sites. Mosquitoes were collected from May to September of 2004 and 2005 at two study sites, the swamp edge and the Village of Central Square. Both sites are associated with the Toad Harbor-Big Bay swamp complex (West Monroe, Oswego County) and are 5 km apart (Molaei et al. 2006) . Ten RS were set at each site according to the protocol of Morris (1981) . The swamp edge (43Њ16Ј01ЈN, 76Њ05Ј24ЈW) is on a peninsula that extends east Ϸ300 m into the swamp and is dominated by a stand of mature eastern hemlock (Tsuga canadensis) and beech (Fagus grandifolia). Shelters faced west toward the swamp. At the Village site (43Њ16Ј43"N, 76Њ08Ј08"W), shelters were located within a plantation of white spruce (Picea glauca).
Mosquito Collections. Specimens were collected from RS by chloroform anesthetization on consecutive 2 d per week, as described in Molaei et al. 2006 . Anesthetized mosquitoes were gently shaken onto a white paper towel. Cs. morsitans were visually identiÞed by their size, body, and leg coloration, and those with cream-colored swollen abdomens and no evidence of blood were individually transferred with forceps to a 120-ml glass bottle Þtted with a plastic snap-cap (Wheaton, Millville, NJ) . No more than 10 gravid females were held per bottle.
Mosquitoes revived inside the bottles and were held on wet ice. Mosquitoes were individually transferred by aspirator to a 1-quart plastic mosquito breeder (BioQuip Products, Rancho Dominguez, CA) with the plastic funnel insert removed. To provide conditions for oviposition, Ϸ500 ml of a Þltered mix of water and leaf litter was placed into each breeder (Þlling it one half) and a funnel-shaped paper Þlter (part A310: Martin Senour Paints medium poly mesh 226 m automotive Þnish paint Þlter; National Automotive Parts Association, Atlanta, GA) was snugly inserted so that the water level Þlled the lowest 1 inch of the Þlter. These conditions provided oviposition sites on the Þlter above the water line, on the Þlter at the water line, or on the water surface. Mosquitoes were held under ambient conditions that were more often in the range of 16 Ð26ЊC and rarely higher in a room without a set light:dark cycle, but with a single window. A cotton ball wetted with 10% sucrose was placed on the mesh top of the breeder as a nutrition source. Mosquitoes and breeders were checked daily, as follows. The life status for each mosquito was recorded as alive or dead. The Þlter, water, and breeder sides were checked for evidence of oviposition. Filtered water was added as necessary to maintain water levels, and cotton balls were replaced daily.
If evidence of oviposition was observed inside a breeder, and the female was dead or appeared injured, the female was removed and stored in a 0.6-ml microcentrifuge tube at Ϫ4ЊC. If the female appeared alive and healthy, to determine whether this species oviposited eggs in clutches, it was left in the breeder for 24 Ð72 h before being stored in a tube, and its life status at this end point was recorded. Females that did not oviposit within 90 d and females that died without ovipositing were individually stored in 0.6-ml microcentrifuge tube at Ϫ4ЊC. All females held in 0.6-ml tubes were dissected to enumerate retained eggs and to determine wing lengths.
Eggs were enumerated using a dissecting microscope by placing the egg rafts or masses on a moistened microscope slide set on a white surface and gently teasing the eggs apart. The abdomen of each female was dissected and eggs were counted, also as described above. Recorded data included the date of collection, the site (Village of Central Square or swamp edge), date of oviposition, life status on the date that oviposition was observed, the date and life status when the specimen was removed from a breeder, the number of eggs oviposited, and the number of eggs retained in the abdomen. Wing length (from the axillary wing incision to the wing tip, excluding the fringe scales) was obtained by measuring the length of each wing with an ocular micrometer recorded to the nearest 0.1 mm and dividing by 2. Summary statistics included mean, standard error, and range (minimum and maximum). Comparisons (P ϭ 0.05) between (t test) and among (general linear model with Scheffe means comparison) means were made for years, sites, and life status for number of eggs oviposited, total number of eggs formed, and wing length. Simple linear regression (Y i ϭ ␤ 0 ϩ ␤ 1 X i ϩ i ) was conducted using total eggs produced per female as the dependent variable and wing length per female as the independent (regressor) variable for 152 females. Log 10 transformed data were also used to evaluate these data. We referred to annual adult mosquito collection data from RS from the two collection sites for the 10-yr period of 1996 Ð2005 to assess mosquito species population trends. Shelter day means were calculated by totaling the number of mosquitoes collected from a RS site/total number of RS from which mosquitoes were collected. These calculations were made by species and physiologic group (nonfed, blooded-gravid, or male specimens). Daily and annual means were calculated. Analyses were conducted using PC version 9.2 of the Statistical Analysis System (SAS Institute 2007). Fecundity and Size. Fecundity (oviposited eggs ϩ retained eggs) was determined for 181 of the 184 females (Table 1) . Three females that escaped during captivity were not included in further analyses. The mean fecundity for 181 females was 147.87 Ϯ 3.5 eggs per female (range, of 37Ð318 eggs). Means comparisons by site, year, life status, and site by year and year by site were conducted, and two comparisons were found to be signiÞcant. In 2005, females collected at the swamp edge produced more eggs than females collected from the Village of Central Square site (P ϭ 0.033; Table 1), and females collected from the Village of Central Square during 2004 produced more eggs than females collected in 2005 (P ϭ 0.037; Table 1 ). However, the comparisons among means for site and year were not signiÞcant (GLM, Sheffe, P ϭ 0.05).
Results

General
Size. The mean wing length was determined for 154 of the 184 females as 4.37 mm Ϯ 0.02 mm with a range of 3.8 Ð 4.9 mm. Females collected at the swamp edge had signiÞcantly longer wings than females collected at the Village of Central Square, and females collected in 2004 at both sites were signiÞcantly larger than females collected in 2005 (P Ͻ 0.01; Table 1 ). These differences were consistent for site by year and year by site analyses (Table 1) , but not among means comparison for site and year (GLM, Scheffe, P ϭ 0.05). As larger mosquitoes are more fecund, the differences in wing length are consistent with the differences in fecundity. Analyses of yearly RS means from nonblooded and blood-fed or gravid females showed that collections of nonblooded and blood-fed or gravid Cs. morsitans in 2005 were the third and second lowest, respectively, shelter day means over the previous 10-yr period (1996 Ð2005; J.J.H., unpublished data).
Simple linear regression between wing size and fecundity for 152 females was conducted on the total eggs produced per female (Fig. 1) . The correlation between wing size and total eggs was R 2 ϭ 0.1386, and the regression equation was total eggs produced ϭ Ϫ206.66 ϩ 80.57 ϫ wing length (F ϭ 24.14, P Ͻ 0.0001). Our parameter estimates were t ϭ Ϫ2.88, P ϭ 0.0045 and t ϭ 4.91, P Ͻ 0.0001, indicating the intercept and wing length parameter estimates are highly signiÞcant. The correlations for the log 10 transformed data of total eggs were similar (R 2 ϭ 1,331). Egg Rafts or Masses. Formations of eggs appeared oblong and loosely grouped, as illustrated by Wallis and Whitman (1968) . To best describe the fecundity of 181 females, we divided females into those that oviposited (n ϭ 89) and those for which dissections were made (n ϭ 92). There were 89 females that oviposited Ն1 egg, and they produced an average of 158.4 eggs Ϯ 4.9 eggs with a range of 51Ð318 eggs. Of the 89, there were 63 captive females that oviposited all their eggs, producing a mean of 160.4 Ϯ 4.9 eggs produced per female, range 81Ð254 eggs. Of the 89, there were 63 females that oviposited egg masses above the water line. The distance above water line oviegg, the number of oviposited eggs; retegg, the number of formed eggs inside the abdomen, not oviposited; V. Cent. Square, Village of Central Square. a n ϭ the total number of specimens on which analysis is based. b Sites were the Village of Central Square and the edge of Toad Harbor-Big Bay wildlife management unit, 5 km apart. c Status refers to whether the female was alive or dead when oviposited eggs were observed or after being held for a length of time without oviposition occurring. that masses were oviposited ranged from 2 to 68 mm (mean ϭ 23.5 Ϯ 1.9 mm). However, 80% (n ϭ 50) of egg masses were oviposited within 33 mm of the water surface. Only two females oviposited eggs 2 mm above the water line and only one female oviposited eggs 3 mm above the water line. No females oviposited eggs on the Þlter paper directly at the water line. Two females oviposited their eggs in clutches, as follows: specimen CM110 oviposited 136 eggs in masses that were 27 and 45 mm above the water line; specimen CM145 oviposited 233 eggs in masses that were 25 and 35 mm above the water line. Each of these two females oviposited all formed eggs (retained eggs ϭ 0).
Twelve mosquitoes oviposited all or most of their eggs directly on the water surface. The mean fecundity for 11 of these females was 150.7 Ϯ 13.9, range 76 Ð255 eggs per female. Of these 12, six females oviposited all formed eggs and four females oviposited eggs that were scattered across the surface rather than being in a raft formation. Two additional females oviposited few eggs on the water surface, but retained most of their eggs.
There were 92 females that did not oviposit any eggs. Eighty-nine of the 92 could be placed in one of three groups. There were 47 females that were directly frozen after collection as a result of a shortage of breeders. The mean fecundity for this group was 152.4 Ϯ 5.9 eggs, range 47Ð258. There were 30 females that failed to oviposit after being held in breeders from 1Ð74 d. They had a mean fecundity of 134 Ϯ 8.3 eggs, range 37Ð227. There were 12 females that had been held Ͼ90 d of captivity and died without ovipositing. Dissections of this group resulted in a mean of 99.2 Ϯ 11.7 eggs present, range of 41Ð167 eggs. The mean fecundity for this latter group was signiÞcantly lower than the fecundity of the other two groups (GLM, Scheffe, P ϭ 0.05), and the mean (137.6) fecundity for the 92 females was signiÞcantly lower (t test, P Ͻ 0.05) than for 89 females that oviposited at least one egg (mean ϭ 158.4).
Life Status. There was no difference in fecundity (P ϭ 0.2167) or wing length (P ϭ 0.3484) between females that were found alive or were found dead after oviposition of all or part of their eggs (Table 1) . There were 14 females that appeared to have died during oviposition, either ovipositing all eggs and dying on the same date that the eggs were observed (n ϭ 7) or ovipositing some eggs (n ϭ 7) and containing retained eggs. For the 63 females that oviposited all eggs while held in breeders, 50 females were alive postoviposition, 11 died, and the life statuses of two females were not recorded. Length of time between date of collection and day of oviposition ranged from 2 to 66 d (mean ϭ 29 d). To examine the potential for younger females to produce more eggs than older females, we split our females into early and late season groups and found no difference between the mean fecundity (P ϭ 0.1965) or size (P ϭ 0.8415) of females that were collected early season (June and July) versus late season (August and September).
Discussion
In the United States, populations of Cs. morsitans and Cs. melanura overlap in New York and New England (Darsie and Ward 2005) . According to Means (1987) , Cs. morsitans is the most widely distributed Culiseta in New York State. We used RS to collect gravid Cs. morsitans at sites associated with the Toad Harbor-Big Bay Swamp Wildlife Management Unit, a 2,000-ha swamp complex that is a known enzootic foci of EEE virus in central New York . The mean fecundity for all 181 gravid females handled in our study was 148 eggs per female. The average fecundity of 2,120 Cs. melanura collected at the same sites between 1982 and 1989 was 129 eggs per female, range of 1Ð308 eggs .
Most Culiseta oviposit eggs in rafts and reports on their fecundity range from a low of 93 eggs per raft for Culiseta impatiens (Walker) (Frohne 1953 ) to a high of 280 eggs per raft for Culiseta longiareolata (Macquart) (van Pletzen and van der Linde 1981). Sames et al. (2005) reported that Culiseta incidens Theobald egg rafts collected from natural ovipositional habitats contained an average of 157 eggs (range, of 58 Ð329). Our observation of 148 eggs per raft or mass is substantially lower than the estimated 195Ð197 eggs per female from nine females that oviposited in the study by Wallis and Whitman (1968) . Even if comparing only our 89 Cs. morsitans that oviposited an average of 158.4 eggs Ϯ 4.9 eggs, our mean fecundity is less than reported by Wallis and Whitman (1968) . We found that fecundity was positively correlated with size based on wing length for this species. The mean wing length for 154 females was 4.37 mm with a range of 3.8 Ð 4.9 mm. Size was related to yearly population levels: females collected in 2004 were larger and more fecund than females collected in 2005. Populations of Cs. morsitans in 2005 were the second lowest in comparison with annual collections made during 1996 Ð 2005. Factors that can affect body size and therefore fecundity include size of blood meal, host species providing the blood, water temperature, time of year, age of the female, and crowding during larval development. Size may have affected the longevity of females, as we collected our last gravid female on 01 September 2004, but none were collected after early August 2005. Wallis and Whitman (1968) collected all their females in September, in Connecticut, and although they did not report on mosquito size, Anderson and Edman (1990) observed that the average wing length for 361 Cs. morsitans females collected during a 3-yr period from Hockomock Swamp in Massachusetts was 5.51 mm with yearly averages of 5. 51, 5.52, and 5.50 mm for 1987, 1988, and 1989 , respectively. Our largest female had a wing length of 4.9 mm and produced 212 eggs. It is reasonable to expect that females with wing lengths of 5 mm or longer would be more fecund than our smaller females. We offer that the females studied by Wallis and Whitman (1968) may have been larger and therefore more fecund.
The correlation (R 2 ϭ 0.1386) between wing size and fecundity was not a good Þt in our model. However, wing length was a highly signiÞcant contributor to evaluating fecundity. The use of an alternative mosquito size indicator such as pupal weight, dry weight of adult, abdomen length, and size of the blood meal was not practical in our study of naturally fed and gravid mosquitoes.
The conditions under which females were held may have also inßuenced their ovipositional behavior. Wallis and Whitman (1968) held blooded/gravid Cs. morsitans at a constant temperature of 80 Ϯ 2ЊF (Ϸ26ЊC). We held our mosquitoes at ambient temperatures that were more often in the range of 16 Ð26ЊC and rarely higher. Most females (n ϭ 169) were held for up to 90 d after being collected, and 12 females were held for longer than 90 d when the temperature range was wider. A controlled light:dark cycle was not used. However, females had already fed and formed eggs before being held in artiÞcial conditions. We accounted for both the numbers of oviposited eggs and the numbers of retained eggs for females whether they were held to encourage oviposition or immediately frozen for future egg enumeration by dissection. Females immediately frozen upon collection (n ϭ 47) contained a mean ϭ 152 eggs and were not signiÞ-cantly different from females (n ϭ 89) that oviposited egg masses containing a mean of 158 eggs. However, over time females that were held captive and failed to oviposit contained fewer eggs, as evident by the 12 females held for Ͼ90 d and contained a mean of only 99 eggs upon dissection. These long-lived females may have resorbed eggs, as has been observed in Aedes species (Magnarelli 1983) , perhaps as resources to aid their survival in the absence of having a suitable oviposition site.
We conÞrmed the observation of Wallis and Whitman (1968) that Cs. morsitans tends to lay egg masses above rather than egg rafts on the water line. They held females in glass lantern chimneys set over ovipositional water, but most mosquitoes died without ovipositing during the next 2 wk. To modify their technique, moist paper toweling was placed in halfpint ice cream cartons of water Þtted to the chimneys. Providing a moist substrate resulted in nine females ovipositing egg masses on the toweling at locations 38 Ð51 mm above the water line. It was not reported how many Cs. morsitans were held, but specimens that oviposited were collected between 01 September and 11 September 1967. We provided an ovipositional substrate by using cone-shaped paper paint Þlters, and were successful in creating artiÞcial conditions in which Cs. morsitans will oviposit. There were 63 females that oviposited egg masses on the paper at an average distance of 24 mm (mean ϭ 23.5 Ϯ 1.9 mm) above the water line, reßective of the northern Aedes/ Ochlerotatus life strategy. Our observation of 12 females ovipositing on the water surface suggests that this species will, less often, oviposit egg rafts.
We did not attempt to hatch or maintain eggs, but the observation that a majority of females oviposited their eggs above the water line supports Morris et al. (1976) , Wood et al. (1979) , and Morris and Zimmerman (1981) that this species is univoltine and that eggs oviposited in the summer or fall hatch the following year associated with spring conditions. The data from this study and our long-term RS surveillance data also support the observation that this species is univoltine. Adults Þrst appear in mid-May in sparse numbers that increase by mid-June. Males die off by mid-July; nonblooded females are replaced by blood-fed and gravid females beginning in July, through August, and occasionally into September. Our observations of the seasonal population trends for nonblooded and blood-fed or gravid females also support Morris (1984) 
